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Abstract
The corrosion behavior of Mg–8Li–3Zn–Al alloy was investigated in neutral 3.5% NaCl aqueous solution by morphology observation and
electrochemical tests. The weight loss method was to measure the corrosion rate. The electrochemical results indicated that the corrosion resistance
of Mg–8Li–3Zn–Al alloy in 3.5% NaCl solution is poorer than that in distilled water. The Cl- anion leads to the initiation and development of the
corrosion pits. And the corrosion products are mainly Mg(OH)2.
© 2016 Production and hosting by Elsevier B.V. on behalf of Chongqing University.
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1. Introduction
As the lightest engineering and structural materials, Mg–Li
alloys have unique characteristics of low density, high strength-
to-weight ratio, good machining ability, high specific stiffness,
excellent shock resistance ability, and good electromagnetic
shielding characteristics. Therefore, the use of Mg–Li
alloys has increased steadily in aerospace and military [1–4].
However, Mg–Li alloys are highly susceptible to corrosion due
to high chemical activities, which limited their industrial appli-
cations. Surface treatments have been performed to increase the
corrosion resistance of Mg–Li alloys [5–11].
A lot of researchers have studied the electrochemical
characterization and corrosion mechanism of Mg–Li alloys
[12–16]. Many methods have been used to monitor the corro-
sion of Mg alloys, including microscopy, spectroscopy,
potentio-dynamic polarization curves and electrochemical
impedance spectra, weight loss [16]. However, there have not
been formed generally accepted corrosion mechanisms for
Mg–Li alloys. Previous studies have been focused on the effect
of additive alloying elements and microstructures on the corro-
sion behaviors. But the effect of intermetallic compounds on
the corrosion behaviors of Mg–8Li–3Zn–Al alloy in chloride
contain in solution need to be studied further.
In the present study, the corrosion behavior of Mg–8Li–
3Zn–Al alloy in neutral 3.5% NaCl aqueous solution has been
investigated by XRD, SEM and EDS. The aim of this work was
to investigate the corrosion and electrochemical performance of
Mg–8Li–3Zn–Al alloy.
2. Experimental procedure
The substrate material used was Mg–8mass%Li–
1mass%Al–3mass%Zn alloy. The samples were sheared into
size of 10 × 10 × 1 mm3. Specimens were successively abraded
with 200#, 400#, 800#, 1200#, 1500# and 2000# grit waterproof
abrasive paper to obtain an even surface, and then ultrasonically
cleaned in acetone and washed with alkaline detergent.
The surface morphologies were characterized by a scanning
electron microscope (SEM, JSM-6480A, Japan Electronics)
equipped with an energy dispersive X-ray spectroscopy (EDS).
The phase structure of the Mg–8Li–3Zn–Al alloy was deter-
mined by X-ray diffraction technique (XRD, Japan Rigaku,
D/max-TTR-III) with a Cu-Kα radiation and a monochromator
at 40 kV and 150 mA with the scanning rate and step being
10°/min and 0.02°, respectively.
Electrochemical measurements were conducted on an elec-
trochemical workstation (IM6ex, Nazarene, Germany) using a
three electrode cell with a saturated calomel electrode (SCE) as
reference electrode, a platinum rod as counter electrode, and
sample as working electrode. The area of working electrode
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exposed to the solution was 1 cm2 during the electrochemical
tests. The electrochemical experiments were conducted in
neutral 3.5 wt.% NaCl aqueous solution at room temperature.
After the open circuit potential (OCP) had been stabilized in
10 min. The polarization curves were then acquired at a scan-
ning of 1 mV/s for all measurements. Electrochemical perfor-
mance in different solution was tested, respectively in distilled
water and 3.5% NaCl solution in the open circuit potential. And
typical corrosion morphology was observed by SEM.
Before the weight loss measurements, every specimen was
weighed (original mass, m0). The surface area (S) was 1 cm2.
The specimens were immersed in 3.5% NaCl aqueous solution
and maintained at 25 °C. At different immersion time of 1 h,
2 h, 4 h, 8 h, 16 h and 24 h, the corrosion products of the
specimens were removed using chromate solution (10%
CrO3 + 1% AgNO3) for 5–10 min in boiling condition. The
specimens were then washed with de-ionized water and dried to
weigh the final mass (m1). The difference between m0 and m1
was designated as the corrosion mass loss. Three parallel speci-
mens were weighed to calculate the weight loss.
3. Results and discussion
3.1. Compositions and microstructure of
Mg–8Li–3Zn–Al alloy
Mg–Li alloys exhibit two phase structures (α + β) with
lithium content between 5 and 11 wt.% due to the Mg–Li phase
diagram [17]. In our previous reports the phase structure of
Mg–8Li–3Zn–Al alloy was determined as shown in Fig. 1. The
intermetallic compounds of Al0.9Li34.3Mg64.5Zn0.3 is obvious
beside α (hcp) magnesium-rich phase and β (bcc) lithium-rich
phase. The observed diffraction peaks for Al0.9Li34.3Mg64.5Zn0.3
was determined according to JCPDS card no. 17–0919 [5–7].
Fig. 2 presents metallographic microscope and SEM images
of Mg–8Li–3Zn–Al alloy. It can be seen that the irregular white
lathy-shaped area in Fig. 2a is α phase, while the dark area is
the β phase. For SEM has opposite contract with metallo-
graphic microscope, the light gray region in Fig. 2b is the β
phase. There are plenty of third phase particles observed inside
the β phase. Fig. 3 presents the corresponding EDS analysis of
particles in β phase. The particles are composed of Mg, Al, Zn.
For Li could not be detected by EDS, the particles are
confirmed as Al0.9Li34.3Mg64.5Zn0.3 corresponding to the XRD
analyses.
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Fig. 1. XRD patterns of Mg–8Li–3Zn–Al alloy.
Fig. 2. Microstructure of Mg–8Li alloy: (a) Metallographic microscope image ×50; (b) SEM image ×500.
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Fig. 3. EDS analysis of particles.
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3.2. Weight loss measurement
With respect to the determination of corrosion rate, the most
accurate and precise method is probably mass loss measure-
ment [18,19]. Fig. 4 shows the weight loss curve of Mg–8Li–
3Zn–Al alloy in the neutral 3.5% NaCl solution. The weight
loss increased with the immersion time which illustrated the
progress of corrosion.
The corrosion rate was fast at the beginning and then decreased.
That is because at the beginning the lithium and magnesium cor-
roded severely at the same time, while the Al0.9Li34.3Mg64.5Zn0.3
particle phase induced micro-galvanic corrosion as well in β
phase. After immersion for more than 4 hours the rate decreased in
a relatively low speed. This is maybe reasoned by the corrosion
products of Mg(OH)2 which adhered to the sample surface hin-
dered further corrosion of Mg–8Li3Zn–Al alloy.
3.3. Electrochemical behavior
Fig. 5 shows the evolution of OCP for Mg–8Li–3Zn–Al
alloy immersed in 3.5% NaCl solution and distilled water. The
curves had similar trend that the potential first increased
smoothly and continuously and then stabilized to a steady state
value. The OCP in 3.5% NaCl solution was obviously more
negative than that in distilled water. A more negative OCP
indicated a poorer resistance to the corrosive environment due
to a lower equilibrium potential, which make the oxidation
process easier [20]. It indicated that the Mg–8Li–3Zn–Al alloy
was more active in the NaCl solution than in distilled water. In
the NaCl solution, chloride ions could penetrate the surface of
Mg–8Li–3Zn–Al, forming localized corrosion at active points.
Fig. 6 presents the potentiodynamic polarization curves for
Mg–8Li–3Zn–Al alloy immersed in 3.5% NaCl solution and
distilled water. It can be obviously found that the initial stage of
the polarization curves did not show the linear behavior. The
slope in the rectangle dotted frame shows good linearity in
Fig. 6, which is identified as Tafel slope. The potential range of
the cathodic branch selected to conduct the linear fitting from
Eop −1.82V to Eop −1.65V, while the anodic branch varying from
Eop −1.45V to Eop −1.30V in Fig. 6a. And the potential range of
the cathodic branch selected to conduct the linear fitting from
Eop −1.75V to Eop −1.60V, while the anodic branch varying
from Eop −1.42V to Eop −1.27V in Fig. 6b. The results of Tafel
extrapolation of the polarization curves in Fig. 6 are presented
in Table 1. The cathode reaction in the polarization curves
corresponded to the evolution of the hydrogen, and the anodic
polarization curve was the most important feature related to the
corrosion resistance [20]. The corrosion potential Ecorr of
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Fig. 4. Weight loss curve of Mg–8Li–3Zn–Al alloy in the neutral 3.5% NaCl
solution.
0 100 200 300 400 500 600
-1.75
-1.70
-1.65
-1.60
-1.55
-1.50
 3.5% NaCl solution
 distilled water
E
 / 
V
 S
C
E
Time / sec
Fig. 5. Evolution of open circuit potential for Mg–8Li–3Zn–Al alloy immersed
in 3.5% NaCl solution and distilled water.
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Fig. 6. Potentiodynamic polarization curves for Mg–8Li–3Zn–Al alloy
immersed in 3.5% NaCl solution and distilled water.
Table 1
Corrosion potential and corrosion density values obtained from the electro-
chemical polarization curves.
Samples Corrosion
potential,
Ecorr/V
Corrosion
current
density,
icorr/A∙cm−2
In 3.5% NaCl solution −1.594 1.046 × 10−3
In distilled water −1.496 1.144 × 10−4
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Mg–8Li–3Zn–Al alloy immersed in 3.5%NaCl solution shifted
negatively about 100 mV compared with that immersed in dis-
tilled water. And the corrosion current density icorr increased one
order of magnitude. These results proved that the presence of
Cl- weakened the corrosion resistance of Mg–8Li–3Zn–Al
alloy.
3.4. Corrosion morphologies and surface analysis of
corroded Mg–8Li–3Zn–Al alloy
From Fig. 7a, Mg–8Li–3Zn–Al alloy immersed in distilled
water showed slight general corrosion. However, the samples
immersed in 3.5% NaCl solution showed severe pitting corro-
sion. The occurrence and development of the corrosion pits was
mainly due to the existence of the chloride ion in the 3.5% NaCl
solution, and the corrosion pits eventually led to the formation
of corrosion dents and even the corrosion areas.
The surface morphologies of Mg–8Li–3Zn–Al alloy
immersed in 3.5% NaCl solution for 24 h were observed as
shown in Fig. 8. There are a large number of corrosion pits on
the surface of substrate. The corrosion products formed thick
porous layer on the surface of Mg–8Li–3Zn–Al alloy observed
from Fig. 8b. For the inhomogeneous distribution of alloying
elements in two phase, phase boundaries have severe corrosion
tendency especially in local corrosion [21]. Initially the
corrosion occurred on the boundary of α phase and β phase in
Mg–8Li–3Zn–Al alloy. Finally, the corrosion extended toward
the β phase according to its activity in electrochemical proper-
ties. Especially the existence of the third phase of intermetallic
compounds would aggravate galvalic corrosion. According to
the classical pitting corrosion mechanism [22,23], erosive chlo-
ride ion can penetrate surface film of magnesium alloy and form
local corrosion – corrosion pits.
Fig. 9 shows the XRD pattern of Mg–8Li–3Zn–Al alloy after
immersed in 3.5% NaCl solution for 24 hours. Compared to the
XRD pattern of the matrix, the lithium peaks become weaker
because Li corroded seriously. The reaction product of LiOH is
not detected because it is soluble in water. The main corrosion
product is Mg(OH)2 corresponding the emerging new peaks in
Fig. 9. It also can been seen that Mg(OH)2 peaks appeared in the
XRD pattern of Mg–8Li–3Zn–Al alloy after corroded in dis-
tilled water in Fig. 10. It indicated that the corrosion mecha-
nism of Mg–8Li–3Zn–Al alloy was similar while immersed
in distilled water and 3.5%NaCl. The overall reaction is as
follows:
2 2 2Li H O s LiOH H+ ( ) → + ↑
Mg H O Mg OH H+ → ( ) + ↑2 2 2 2
(a) (b) 
Fig. 7. Corrosion morphologies of Mg–8Li–3Zn–Al alloy with corrosion products cleaned (a) distilled water; (b) 3.5% NaCl solution.
(a) (b) 
Fig. 8. Corrosion morphologies of Mg–8Li–3Zn–Al alloy with corrosion products cleaned (a) and uncleaned (b).
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4. Conclusion
1 The corrosion rate of Mg–8Li–3Zn–Al alloy in 3.5% NaCl
solution was fast at the beginning and then decreased. The
major mode of corrosion is pitting corrosion which causes
the main loss of material. The main corrosion products are
Mg(OH)2. During the corrosion, a large amount of Li was
dissolved.
2 The corrosion potential Ecorr of Mg–8Li–3Zn–Al alloy
immersed in 3.5%NaCl solution shifted negatively about 100
mV compared with that immersed in distilled water. And the
corrosion current density icorr increased one order of magnitude.
This indicated that Mg–8Li–3Zn–Al alloy in 3.5% NaCl solu-
tion indicated poorer corrosion resistance.
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Fig. 9. XRD pattern of Mg–8Li alloy after corroded in 3.5% NaCl solution.
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Fig. 10. XRD pattern of Mg–8Li alloy after corroded in distilled water.
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